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PHOTOELASTIC INVESTIGATION OF THE STATE OF STRESS
IN THE CROSS-SECTION OF THE STRAW STALK

Roman Koper, Jacek Gowin

The subject of this paper is the model photoelastic test of the stress
distribution in the cross-section of the straw stalk. Approximately we
may assume that the straw consists of two materials, having different
moduli of elasticity. One of them is sclerenchyma, the other one, paren-
chyma. The modulus of elasticity of the sclerenchyma is 10—20 times
greater than that of the parenchyma. The photo of the cross-section of
the straw stalk is shown in Fig. 1.

The models of the cross-section of the straw stalk were made of pho-
toelastic material, the modulus o felasticity of which was 2.5-109Pa.
Investigations were made on three models. The outside diameter d. of
the first, ring-like shared model was 170 mm long, while the inside dia-
meter d,, was 110 mm long, which corresponds to dimension proportions
in the prototype. In the second model a large number of cell-simulating
holes were made in order to preserve the model similarity. The holes
were bored in the inner part of the model, which is the counterpart of
the layer of parenchyma in the prototype. At the same time, these holes
caused a decrease of the modulus of elasticity of this part of the model
(taken as a continuum). In the third model a greater number of holes
were made than in the second one. The outside dimensions of all the
models were the same. The models were under a point-load acting along
their diameters. Such a load corresponds to the forces which act upon
the stalk while is is being cut or pressed.

Special methods were elaborated to measure the modulus of elasticity
of both the solid model and the models with a perforated layers. The
modulus of elasticity was evaluated by measuring the shortening of the
ring diameter due to compressive force. The shortening was measured in
the direction of the applied force. |

The relationship between force applied F and a chénge Ad in a dia-
meter of a ring is known from the theory of elasticity (Fig. 2).
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Fig. 1. Cross-section of straw stalk. Fig. 2. Moduls of elasticity evaluation
1 — sclerenchyma, 2 — parenchyma method
T 2\ Fd3 Fd3
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where:
d — average diameter,
d—d, 1 d,—d, _ d.—+d,
¢ 2 .2 7
F — compressive force,
E — modulus of elasticity,
J — moment of inertia of the ring cross-section area.

The modulus of elasticity may be found using the equation (1)

0.00185Fd*
b=y 2}

If we assume that the cross-section of the ring is not deflected, then
Ad = A, = Adyw. The change in the inside diameter d,, was measured by
means of a rod gauge with a dial indicator. The measuring set for the
evaluation of the modulus of elasticity is shown in Fig. 3. The modulus
of elasticity values obtained by this method were, respectively, for the
first model (solid ring) — 2.47 - 10°Pa for the second model — 1.48 - 10°Pa
and for the third one — 1.25 - 10°Pa. ‘ |

Photoelastic investigations were made by means of polariscope shown
in Fig. 4. -

The model was placed in the loading system especially adapted for
this purpose (see Fig. 4). Measurements were taken by applying two dif-
ferent compressive forces — 186 N and 380 N. The photos of iso-
chromatics in models, taken under 186 N load are shown in Fig. 5.
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Fig. 3. Measuring set for evaluation of moduls of elasticity

Fig. 4. Polariscope for model tests of straw stalk cross-section

On the basis of photos of isochromatic patterns the boundary stresses
distribution was obtained. The isochromatic patterns and the boundary
stresses distribution in three models under 380 N load are shown
in Fig. 6.

Full measurements of the fringe order were taken by means of the
Senarmont compensation method. ,

From the boundary stresses analysis it appears that stresses distri-
bution is more uniform in the models with the perforated layer than the
one in the solid model. Maximum values of boundary stresses in the per-
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Fig. 5. Isochromatic patterns in models under 186 N kgf load

P 38 754G

Fig. 6. Isochromatic patterns and boundary stresses distribution in models under
380 N load '

forated models are by ca. 20%0 lower than these in the solid model. It is
especially visible in the diametrical cross-section which is perpendicular
to the direction of the force. In this cross-section, on the outside edge of
the model, the fringe orders were, respectively, in the first mode]l, m =
= 3.00, in the second one, m = 2.50 and in the third one, m = 2.30.



PHOTOELASTIC INVESTIGATION OF THE STATE OF STRESS 205

The inner, perforated part of the third model was cut off to make
possible the evaluation of the modulus of elasticity of this part. The
measurements were made by the method described above. The average
modulus of elasticity of the perforated layer was 1,95 kgf/cm?. This value
is about 13 times lower than that in the solid model. It means that model
similarity laws with respect to the moduli of elasticity of model parts
and parts of straw were preserved.

The results obtained from the photoelastic tests give information
about the state of boundary stresses in the cross-section of straw stalk
while it is being compressed. Such load corresponds to the forces which
act upon the stalk in the initial phase of mechanical cutting or pressing
of the straw.

R. Koper, J. Gowin

ELASTOOPTYCZNE BADANIA STANU NAPREZEN
W PRZEKROJU POPRZECZNYM ZDZBLA SLOMY

Streszczenie

W pracy przedstawiono elastooptyczne badania stanu naprezen w przekroju
poprzecznym zdzbia stomy.

Pomiary przeprowadzono na modelach wykonanych z materialu, wykazujace-
go zjawisko optycznej dwoéjlomno$ci wymuszonej, Przebadano trzy rézne modele
poprzecznego przekroju zdzbla slomy. Pierwszy model mial ksztalt peinego pier$cie-
nia, w drugim i trzecim modelu, ktére miaty réowniez ksztalt pierScieni, wywier-
cono w ich wewnetrznych czeéciach liczne otworki, prostopadie do badanego prze-
kroju. Wskutek tego zmniejszono modul sprezystoSci wewnetrznej warstwy prze-
kroju. W ten sposéb nadano modelom charakter dwufazowy, odpowiadajacy w przy-
blizeniu rzeczywistej budowie zdzbla slomy, zachowujac jednocze$nie podobienstwo
geometryczne.

Podczas badan modele byly obcigzone silg skupiong, dzialajacg wzdluz Sred-
nicy przekroju. Takie obcigzenie odpowiada silom dzialajacym na zdzblo w czasie
jego §cinania lub prasowania.

Otrzymane z elastooptycznych badan wyniki dostarczajg informacji o stanie
naprezen brzegowych fpoprzecznego przekroju zdzbla stomy.
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DPOTOVIIPYTUE MCCIETJOBAHUA COCTOAHMA HAINPAXKEHUMN
B IIOITEPEYHOM CEYEHUU CTEBJIA COJIOMEL

Pe3wmMme

B pabote mnpexacraBieHbI GOTOYHNPYIMe MCCIENOBAHMA COCTOSHMUA HaNPAKEHMI
B IIOIIEPEYHOM CeYeHMM CTEDJIA COJIOMBI.

JismMepeHra TIpOBEM HA MOJAENAX, M3IOTOBJIEHHLIX 73 MaTepUasioB, OOHAPYKI-
BAOIIMX ABJIEHNE BPEMEHHOTO OIITHMYECKOro JeylepeIoMieHMsA. JVICHBITBIBANM TPYA
PasnnM4HbIe MOJENM IIOIEePEeYHOr'o cedeHua crebiaa conoMmbl, IlepBasa MoOmenb uMmesa
¢dopMy IIOJHOTO KOJbI]a, BO BTOPOM M TpPEThEl, MMEIIIMX Takxke (popMy XKoJjel, B
X BHYTPEHHBIX YaCTAX IIPOCBEPJIMIM MHOTOYMCIIEHHBbIE OTBEPCTUA, IIEPIEeHAMUKYJIAP-
HbIe K MCCIEAYeMOMYy CeudeHMI0. BclencTBye STOro YMEHBIUMJIM MOAYJb YIIPYTOCTU
BHYTPEHHEro cJoA cedeHuda. TakmMm oOpa3oM coOOOLpWIM MoOzenaM AByxXdazHbIl Xa-
PaKTep, COOTBETCTBYIOLUMII B NPUONVDKEHMM HAEMCTBUTEILHOMY CTPOEHUIO CTebJIA cOo-
JIOMBI, COXPaHAA OSHOBPEMEHHOTO reOMETPMYECKOe CXOMCTBO.

Bo Bpemsa mucciaemoBaHMII MOAeNM OblIM HarpysKXeHbl HAKOILJIeHHOM CUIION, nei-
CTBYIOLIIEI1 BAOJBb AuaMeTpa cedeHMdA. TakaAa Harpys3kKa COOTBETCTBYET CuJaM, Jei-
CTBYIOII[MM Ha cTebeJlb BO BpeMsA €ro Cpe3bIBaHMA MIM IIPEeCCOBAHMUA.

Pe3ynbTaThl, MONYyYeHHbIE U3 (QOTONPYIMX MCCIEeNOBaHMI, NAIOT CBEASHUA O CO-
CTOAHMM KpPaeBbIX HAMIPAXKEHMI ITONEePeYHOr0 CeYeHMA CTebJA COJIOMBI.
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